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Clinical PerspectiveWhat Is New?In patients with cirrhosis and incident acute myocardial infarction, choosing an appropriate β‐blocker can be complicated.Previous studies have not fully explored this topic; therefore, we aimed to investigate which β‐blockers could be beneficial for the treatment of concomitant high‐risk diseases.What Are the Clinical Implications?In patients with cirrhosis and acute myocardial infarction, our studies showed that the use of β~1~‐selective blockers is associated with lower risks of major adverse cardiac and cerebrovascular events, a trend toward lower all‐cause mortality, and nonworsening liver outcome.Accordingly, it is appropriate to use β~1~‐selective blockers in patients with cirrhosis and acute myocardial infarction.

Introduction {#jah33494-sec-0008}
============

Cirrhosis is end‐stage liver disease with many debilitating complications and a high risk for mortality. In patients with cirrhosis, portal hypertension inevitably leads to ascites and esophageal varices. The most feared conditions that follow are varicose vein rupture and hematemesis.[1](#jah33494-bib-0001){ref-type="ref"} Approximately half of patients with cirrhosis develop esophageal varices, and one third of these patients may develop a variceal bleed.[2](#jah33494-bib-0002){ref-type="ref"} The reported mortality is up to 50% for the initial bleed and 30% for subsequent bleeds.[3](#jah33494-bib-0003){ref-type="ref"} Few medications were useful in treating variceal bleeding; however introduction of a nonselective β‐blocker by Lebrec and colleagues in the 1980s was found to be effective for secondary prevention and later primary prevention.[4](#jah33494-bib-0004){ref-type="ref"}, [5](#jah33494-bib-0005){ref-type="ref"} Nonselective β‐blockers have theoretical therapeutics on 2 ends: 1 is to halt the rising heart rate, and the other is to decrease blood flow through splanchnic vessels to relieve portal vein hypertension.[6](#jah33494-bib-0006){ref-type="ref"} β~1~‐Selective blockers were shown to be less effective than nonselective β‐blockers in portal hypertension in cirrhotic patients.[7](#jah33494-bib-0007){ref-type="ref"}, [8](#jah33494-bib-0008){ref-type="ref"}

Although myocardial infarction has been shown to have low incidence in patients with liver cirrhosis,[9](#jah33494-bib-0009){ref-type="ref"} the coexistence of the 2 diseases presents clinical challenges to the physicians who are required to give appropriate and effective treatment in these patients, who have a high risk for mortality.[10](#jah33494-bib-0010){ref-type="ref"} Previous cardiovascular literature has shown that β~1~‐selective blockers have proven their role in a number of diseases, including coronary artery disease, acute myocardial infarction (AMI), and heart failure, producing fewer side effects while controlling the heart rate.[11](#jah33494-bib-0011){ref-type="ref"} In the event of AMI occurring in patients with cirrhosis, the conflicting nature in the choice between the 2 β‐blockers becomes unavoidable. In this study, therefore, we aimed to determine which β‐blocker should be recommended and used in patients with both cirrhosis and AMI.

Methods {#jah33494-sec-0009}
=======

Data Source {#jah33494-sec-0010}
-----------

The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.

Taiwan\'s NHI (National Health Institute) Program started in 1995 and provides 99.5% coverage for the 23 million residents in Taiwan. NHIRD (the NHI Research Database) provides all dates of inpatient and outpatient services, diagnosis, prescriptions, examinations, operations, and expenditures, and data are updated biannually. With over 95% of Taiwan\'s population being Han Chinese, our study is considered to have a uniform ethnic background. The NHI system offers detailed follow‐up information on medication, intervention, admission, outpatient clinic, and emergency visits of patients. In addition, accurate records of health reimbursement are ensured by having prescription of medications and arrangement of interventions be followed by appropriate examinations and by having false reimbursement claims result in magnified penalties. Medications for chronic illnesses were refilled at an outpatient clinic for a maximum period of 3 months per the Taiwan NHI reimbursement policy. Informed consent from study subjects was waived because of the nature of this database study. The Institutional Review Board of Chang Gung Memorial Hospital Linkou Branch approved this study (No. 201800177B1).

Study Patients {#jah33494-sec-0011}
--------------

By searching electronic medical records from the NHIRD between January 1, 2001 and December 31, 2013, we retrieved patients with a principal diagnosis of AMI admission. We further identified patients with a diagnosis of cirrhosis (2 consecutive outpatient diagnoses or 1 inpatient diagnosis). The diagnoses of AMI and liver cirrhosis in NHIRD have both been validated against hospital electronic medical records in previous studies, with AMI and liver cirrhosis having positive predictive values of 88% and 100%, respectively.[12](#jah33494-bib-0012){ref-type="ref"}, [13](#jah33494-bib-0013){ref-type="ref"} The date of discharge from the index admission was defined as the index date. Patients who were \<20 years old, had experienced previous AMI, or had a contraindication to the use of a β‐blocker such as chronic obstructive pulmonary disease, asthma, or atrioventricular conduction disease without pacemaker implantation were excluded. In addition, patients who died during the index admission, follow‐up \<6 months, medication possession ratio of either β~1~‐selective blocker or nonselective β‐blocker \<80% (β~1~‐selective blockers include bisoprolol, metoprolol, atenolol; nonselective β‐blockers include carvedilolol, propranolol) and switching between the 2 kinds of β‐blockers were excluded (Figure [1](#jah33494-fig-0001){ref-type="fig"}). The remaining patients using β~1~‐selective blockers and nonselective β‐blockers were propensity score matched in the categories of age, sex, comorbidity, hospital level, coronary intervention at the index admission, post‐AMI medication, and the index date (Table [1](#jah33494-tbl-0001){ref-type="table"}). In addition, liver cirrhosis--related clinical characteristics of the patients were also propensity score matched in the variables of disease leading to cirrhosis (alcohol, hepatitis B virus, and hepatitis C virus), gastrointestinal bleeding, hepatocellular carcinoma, complication of cirrhosis, severity of cirrhosis, and catastrophic illness certificate (Table [2](#jah33494-tbl-0002){ref-type="table"}).

![Flow chart for the inclusion of study patients. AMI indicates acute myocardial infarction; COPD, chronic obstructive pulmonary disease; MPR, medication possession ratio.](JAH3-7-e008982-g001){#jah33494-fig-0001}

###### 

Clinical Characteristics of Study Population Before and After Propensity Score Matching

  Variable                                       Before Matching   After Matching                                         
  ---------------------------------------------- ----------------- ---------------- --------- ------------- ------------- -------
  Characteristics                                                                                                         
  Age, y                                         64.1±11.7         64.1±12.4        0.937     64.0±12.1     64.0±12.0     0.963
  Age ≥65 y                                      150 (46.3)        160 (48.3)       0.601     102 (46.8)    102 (46.8)    1.000
  Male sex                                       258 (79.6)        245 (74.0)       0.089     171 (78.4)    167 (76.6)    0.646
  Comorbidity                                                                                                             
  Hypertension                                   256 (79.0)        226 (68.3)       0.002     161 (73.9)    162 (74.3)    0.913
  Diabetes mellitus                              161 (49.7)        168 (50.8)       0.785     108 (49.5)    108 (49.5)    1.000
  Hyperlipidemia                                 127 (39.2)        104 (31.4)       0.037     76 (34.9)     76 (34.9)     1.000
  Heart failure                                  30 (9.3)          39 (11.8)        0.293     22 (10.1)     22 (10.1)     1.000
  Peripheral arterial disease                    14 (4.3)          22 (6.6)         0.192     12 (5.5)      14 (6.4)      0.686
  Atrial fibrillation                            22 (6.8)          25 (7.6)         0.705     17 (7.8)      17 (7.8)      1.000
  Old stroke                                     58 (17.9)         49 (14.8)        0.284     34 (15.6)     33 (15.1)     0.894
  Chronic kidney disease                         86 (26.5)         102 (30.8)       0.227     63 (28.9)     62 (28.4)     0.916
  ESRD (dialysis)                                25 (7.7)          37 (11.2)        0.130     21 (9.6)      25 (11.5)     0.533
  Malignancy                                     39 (12.0)         46 (13.9)        0.479     29 (13.3)     29 (13.3)     1.000
  CCI total score                                4.0±2.1           4.4±2.3          0.006     4.1±2.2       4.2±2.2       0.861
  Hospital level                                                                    0.621                                 0.923
  Medical center (teaching hospital)             167 (51.5)        177 (53.5)                 118 (54.1)    119 (54.6)    
  Regional/district hospital                     157 (48.5)        154 (46.5)                 100 (45.9)    99 (45.4)     
  Coronary intervention at the index admission   200 (61.7)        183 (55.3)       0.094     132 (60.6)    133 (61.0)    0.922
  Post‐MI medication                                                                                                      
  ACEI or ARB                                    245 (75.6)        253 (76.4)       0.806     166 (76.1)    171 (78.4)    0.568
  CCB                                            122 (37.7)        100 (30.2)       0.044     73 (33.5)     76 (34.9)     0.762
  α‐Blocker                                      31 (9.6)          24 (7.3)         0.285     21 (9.6)      16 (7.3)      0.390
  Nitrates                                       102 (31.5)        90 (27.2)        0.228     68 (31.2)     67 (30.7)     0.917
  Diuretics                                      99 (30.6)         130 (39.3)       0.019     68 (31.2)     66 (30.3)     0.836
  Antiplatelet                                   310 (95.7)        291 (87.9)       \<0.001   204 (93.6)    206 (94.5)    0.686
  Anticoagulant                                  17 (5.2)          16 (4.8)         0.809     13 (6.0)      11 (5.0)      0.675
  Statin                                         191 (59.0)        153 (46.2)       0.001     108 (49.5)    116 (53.2)    0.443
  Follow‐up, y                                   3.7±2.7           4.2±3.0          0.035     4.2±2.9       4.1±3.1       0.800
  Propensity score                               0.582±0.181       0.409±0.196      \<0.001   0.500±0.160   0.500±0.162   0.979

ACEI indicates angiotensin‐converting enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel blockers; CCI, Charlson comorbidity index; ESRD, end‐stage renal disease; MI, myocardial infarction.

###### 

Liver Cirrhosis--Related Clinical Characteristics of the Patients

  Variable                                           Before Matching   After Matching                                       
  -------------------------------------------------- ----------------- ---------------- --------- ------------ ------------ -------
  Alcoholic cirrhosis                                45 (13.9)         43 (13.0)        0.736     24 (11.0)    26 (11.9)    0.764
  Viral hepatitis, HBV                               77 (23.8)         71 (21.5)        0.479     50 (22.9)    46 (21.1)    0.644
  Viral hepatitis, HCV                               68 (21.0)         57 (17.2)        0.220     35 (16.1)    40 (18.3)    0.526
  Old GI bleeding                                    108 (33.3)        108 (32.6)       0.848     69 (31.7)    70 (32.1)    0.918
  Hepatocellular carcinoma                           21 (6.5)          30 (9.1)         0.218     19 (8.7)     16 (7.3)     0.597
  Complication of cirrhosis                                                                                                 
  Hepatic encephalopathy                             7 (2.2)           17 (5.1)         0.043     7 (3.2)      5 (2.3)      0.558
  Ascites (diagnosis or treatment)                   33 (10.2)         38 (11.5)        0.594     25 (11.5)    21 (9.6)     0.533
  EV bleeding (diagnosis or treatment)               6 (1.9)           31 (9.4)         \<0.001   6 (2.8)      6 (2.8)      1.000
  Admission for FFP (coagulopathy)                   44 (13.6)         63 (19.0)        0.059     35 (16.1)    35 (16.1)    1.000
  Admission for albumin infusion (hypoalbuminemia)   22 (6.8)          28 (8.5)         0.421     16 (7.3)     19 (8.7)     0.597
  Severity of cirrhosis                                                                 0.013                               0.913
  Early cirrhosis                                    252 (77.8)        229 (69.2)                 161 (73.9)   162 (74.3)   
  Advanced cirrhosis                                 72 (22.2)         102 (30.8)                 57 (26.1)    56 (25.7)    
  Catastrophic illness certificate                                                      0.001                               0.703
  No                                                 320 (98.8)        311 (94.0)                 215 (98.6)   214 (98.2)   
  Yes                                                4 (1.2)           20 (6.0)                   3 (1.4)      4 (1.8)      

EV indicates esophageal varices; FFP, fresh frozen plasma; GI, gastrointestinal; HBV, hepatitis B virus; HCV, hepatitis C virus.

Covariate and Study Outcomes {#jah33494-sec-0012}
----------------------------

Disease was detected using *International Classification of Diseases, 9th Revision, Clinical Modification (ICD‐9‐CM)* codes. Covariates included sex, age, and clinical medical history of diabetes mellitus, hypertension, hyperlipidemia, heart failure, peripheral arterial disease, atrial fibrillation, history of stroke, chronic kidney disease, end‐stage renal disease, malignancy, Charlson comorbidity index, and medications at baseline. One point and 3 points were assigned to mild liver disease and severe liver disease in the Charlson comorbidity index, respectively.[14](#jah33494-bib-0014){ref-type="ref"} The comorbidity was defined as having 2 outpatient diagnoses or 1 inpatient diagnosis in the previous year and also some liver cirrhosis-- or AMI‐related complications, which were also defined according to the diagnosis of *ICD‐9‐CM* or related therapies as listed in Table [S1](#jah33494-sup-0001){ref-type="supplementary-material"}. Similarly, use of medication was retrieved based on claim data within 6 months after the index enrollment date.

Outcomes of primary interest included major cardiac and cerebrovascular events (MACCE; which includes all‐cause mortality, AMI, heart failure, and stroke), all‐cause mortality, cardiovascular death, recurrent myocardial infarction, any revascularization, coronary stenting, heart failure, stroke, new‐onset dialysis, liver outcomes (any liver outcome, hepatic encephalopathy, ascites tapping, spontaneous peritonitis, or bleeding from esophageal varices), major bleeding, or any cause of readmission. The detection of new‐onset dialysis was verified via catastrophic illness certificate. All time‐to‐event outcomes (except for death) had to meet an in admission setting. All‐cause mortality was defined by withdrawal from the national health insurance.[15](#jah33494-bib-0015){ref-type="ref"} Each patient was followed until the day of outcome occurrence or December 31, 2013, whichever came first. The disease codes and Anatomical/Therapeutic/Chemical codes of medication are provided in Tables [S1](#jah33494-sup-0001){ref-type="supplementary-material"} and [S2](#jah33494-sup-0001){ref-type="supplementary-material"}.

Statistical Analysis {#jah33494-sec-0013}
--------------------

There might be a nonbalanced distribution in the clinical characteristics between the study patients (ie, β‐blocker versus non--β‐blocker and selective versus nonselective β‐blockers), which can seriously confound the results; therefore, we performed propensity score matching to make the 2 groups comparable. We performed 2 propensity score matchings: the first to match β‐blocker users with non--β‐blocker users, and the second to match β~1~‐selective blocker users with nonselective β‐blocker users. The propensity score was the predicted probability of being in the β‐blocker group (or the β~1~‐selective blocker group) derived from logistic regression. The covariates included in the propensity score should be variables theoretically and clinically related to outcomes, including demographics (age and sex), 10 comorbidities and Charlson comorbidity index, hospital level, coronary intervention at the index admission, and 8 medications at baseline (listed in Table [1](#jah33494-tbl-0001){ref-type="table"}). The index date was also included in the propensity score to ensure equal potential follow‐up duration between groups. In addition, liver cirrhosis--related clinical characteristics were also used to calculate propensity score (listed in Table [2](#jah33494-tbl-0002){ref-type="table"}). The matching ratio was 1 to 1. The matching was processed using a greedy nearest‐neighbor algorithm with a caliper of 0.2.

We compared the baseline characteristics, comorbidities, and medication between the study groups (β~1~‐selective blockers versus nonselective β‐blockers) using t test for continuous variables or chi‐squared test for categorical variables. We compared the risk of all‐cause mortality between groups using a Cox proportional hazard model. The risk of other time‐to‐event outcomes (those not directly related to death, listed in Table [3](#jah33494-tbl-0003){ref-type="table"}) was compared between groups using a subdistribution hazard model that considered death during the follow‐up as a competing risk.[16](#jah33494-bib-0016){ref-type="ref"} We generated the plot of cumulative incidence rate using subdistribution hazard function for time to event outcomes (ie, major composite liver outcome). In regard to all‐cause mortality, we plotted Kaplan‐Meier survival curves. Two sensitivity analyses were done. First, the result of comparing risks of MACCE was further adjusted for propensity score. Second, propensity score stratification analysis was done in comparing risks of MACCE. Finally, prespecified subgroup analysis was done on the 2‐year MACCE to explore whether the beneficial effect of selective β‐blockers was inconsistent across different levels of some subgroups. *P*\<0.05 was considered to be statistically significant. No adjustment for multiple testing (multiplicity) was made in this study. All statistical analyses were performed using commercial software (SAS 9.4, SAS Institute, Cary, NC).

###### 

Time to Event Outcome During the 1‐ and 2‐Year Follow‐Up

  Variable                                       Selective (n=218)   Nonselective (n=218)   Selective vs Nonselective   
  ---------------------------------------------- ------------------- ---------------------- --------------------------- -------
  1‐y follow‐up                                                                                                         
  MACCE[b](#jah33494-note-0007){ref-type="fn"}   28 (12.8)           40 (18.3)              0.68 (0.42, 1.10)           0.114
  All‐cause mortality                            9 (4.1)             11 (5.0)               0.81 (0.34, 1.96)           0.646
  Cardiovascular death                           3 (1.4)             0 (0.0)                NA                          NA
  Recurrent MI                                   12 (5.5)            15 (6.9)               0.78 (0.37, 1.67)           0.525
  Any revascularization                          52 (23.9)           52 (23.9)              0.99 (0.68, 1.46)           0.972
  Coronary stenting                              28 (12.8)           29 (13.3)              0.96 (0.57, 1.62)           0.889
  Heart failure                                  8 (3.7)             8 (3.7)                1.00 (0.38, 2.66)           1.000
  Stroke                                         7 (3.2)             10 (4.6)               0.70 (0.27, 1.84)           0.469
  New‐onset dialysis                             6 (2.8)             8 (3.7)                0.75 (0.26, 2.17)           0.599
  Liver outcomes                                                                                                        
  Any liver outcome                              11 (5.0)            21 (9.6)               0.50 (0.24, 1.04)           0.064
  Hepatic encephalopathy                         2 (0.9)             4 (1.8)                0.50 (0.09, 2.69)           0.415
  Ascites tapping                                6 (2.8)             12 (5.5)               0.49 (0.19, 1.30)           0.150
  Spontaneous peritonitis                        3 (1.4)             2 (0.9)                1.50 (0.25, 8.95)           0.655
  EV bleeding                                    5 (2.3)             10 (4.6)               0.49 (0.17, 1.43)           0.191
  Major bleeding                                 1 (0.5)             2 (0.9)                0.50 (0.05, 5.45)           0.568
  Any cause of readmission                       129 (59.2)          122 (56.0)             1.03 (0.81, 1.32)           0.793
  2‐y follow‐up                                                                                                         
  MACCE[b](#jah33494-note-0007){ref-type="fn"}   43 (19.7)           65 (29.8)              0.62 (0.42, 0.91)           0.015
  All‐cause mortality                            21 (9.6)            31 (14.2)              0.66 (0.38, 1.14)           0.138
  Cardiovascular death                           7 (3.2)             4 (1.8)                1.69 (0.50, 5.78)           0.402
  Recurrent MI                                   15 (6.9)            21 (9.6)               0.69 (0.36, 1.34)           0.279
  Any revascularization                          61 (28.0)           66 (30.3)              0.92 (0.65, 1.30)           0.629
  Coronary stenting                              33 (15.1)           36 (16.5)              0.91 (0.57, 1.46)           0.705
  Heart failure                                  12 (5.5)            15 (6.9)               0.79 (0.37, 1.69)           0.542
  Stroke                                         9 (4.1)             15 (6.9)               0.59 (0.26, 1.36)           0.217
  New‐onset dialysis                             6 (2.8)             10 (4.6)               0.60 (0.22, 1.65)           0.323
  Liver outcomes                                                                                                        
  Any liver outcome                              18 (8.3)            23 (10.6)              0.75 (0.41, 1.38)           0.354
  Hepatic encephalopathy                         4 (1.8)             4 (1.8)                0.98 (0.25, 3.90)           0.982
  Ascites tapping                                10 (4.6)            16 (7.3)               0.61 (0.28, 1.33)           0.210
  Spontaneous peritonitis                        5 (2.3)             4 (1.8)                1.24 (0.33, 4.63)           0.750
  EV bleeding                                    6 (2.8)             10 (4.6)               0.59 (0.22, 1.60)           0.299
  Major bleeding                                 2 (0.9)             3 (1.4)                0.66 (0.11, 3.87)           0.640
  Any cause of readmission                       153 (70.2)          150 (68.8)             1.00 (0.80, 1.25)           0.992

CI indicates confidence interval; EV, esophageal varices; HR, hazard ratio; MACCE, major adverse cardiac and cerebrovascular events; MI, myocardial infarction.

Estimated using the Fine and Gray^16^ subdistribution hazard model, which considered all‐cause mortality as a competing risk. The results of MACCE, all‐cause mortality, and cardiovascular death were derived from the Cox proportional hazard model.

Any 1 of all‐cause mortality, MI, heart failure, or stroke.

Results {#jah33494-sec-0014}
=======

Study Population {#jah33494-sec-0015}
----------------

There were 203 595 patients admitted with a principal diagnosis of AMI during 2001, and 2013 were identified in the NHIRD. A total of 6355 patients were identified with a history of cirrhosis. After excluding patients \<20 years old or with any of the aforementioned clinical exclusion criteria, there were 4460 patients with new‐onset AMI and liver cirrhosis. Additionally, patients with death occurring during index admission, follow up \<6 months, medication possession ratio of either β‐blocker \<80% (prescribed within 144 days), or switch of β‐blockers were excluded, and there remained 1769 patients eligible for analysis. Among these patients, 655 were on β‐blockers, and 1114 were not on β‐blockers. The 655 patients were further separated into 324 patients who were on β~1~‐selective blockers, and 331 patients who were on nonselective β‐blockers (Figure [1](#jah33494-fig-0001){ref-type="fig"}). A substantial overlap of estimated propensity score between the 2 groups indicated that propensity score matching can be effectively and validly performed (Figure [S1](#jah33494-sup-0001){ref-type="supplementary-material"}A).[17](#jah33494-bib-0017){ref-type="ref"} After matching, the distributions of baseline characteristics, comorbidity, hospital level, coronary intervention, medication, follow‐up duration, and liver cirrhosis--related clinical characteristics were similar between selective and nonselective β‐blocker groups (right panel in Tables [1](#jah33494-tbl-0001){ref-type="table"} and [2](#jah33494-tbl-0002){ref-type="table"}). An overlap of estimated propensity scores between the 2 groups after matching has been noted (Figure [S1](#jah33494-sup-0001){ref-type="supplementary-material"}B).

β‐Blocker Versus Non--β‐Blocker {#jah33494-sec-0016}
-------------------------------

We first compared the risk of all‐cause mortality in patients with and without β‐blockers. After propensity score matching, there were 481 patients in each group. The baseline and cirrhosis‐related characteristics were well balanced between the 2 groups (Tables [S3](#jah33494-sup-0001){ref-type="supplementary-material"} and [S4](#jah33494-sup-0001){ref-type="supplementary-material"}). During the study duration, all‐cause mortality was assessed in cirrhosis patients with AMI who were on β‐blockers or non--β‐blockers. As shown in Figure [2](#jah33494-fig-0002){ref-type="fig"}, survival curves derived the from Kaplan‐Meier estimator showed that patients on β‐blockers had significantly less risk of mortality compared with patients not on β‐blockers throughout the 2‐year follow‐up (*P* of log‐rank test=0.008).

![Kaplan‐Meier survival curves of all‐cause mortality in the β‐blocker and non--β‐blocker users during a 2‐year follow‐up.](JAH3-7-e008982-g002){#jah33494-fig-0002}

β~1~‐Selective Blocker Versus Nonselective β‐Blocker {#jah33494-sec-0017}
----------------------------------------------------

As shown in Table [3](#jah33494-tbl-0003){ref-type="table"}, there was no difference in the cardiovascular, liver, or mortality outcomes between the groups of patients who were on β~1~‐selective blockers versus nonselective β‐blockers in the 1‐year follow‐up. Within a 2‐year follow‐up, MACCE reached statistical significance between β~1~‐selective blockers and nonselective β‐blockers (hazard ratio 0.62; 95% confidence interval 0.42‐0.91; *P*=0.015).

In terms of all‐cause mortality, the Kaplan‐Meier survival curves showed fewer events in patients who were on β~1~‐selective blockers, but the difference did not reach statistical significance (hazard ratio 0.66; 95% confidence interval 0.38‐1.14; *P*=0.135) (Figure [3](#jah33494-fig-0003){ref-type="fig"}A). In terms of MACCE, the results showed significantly fewer events in patients who were on β~1~‐selective blockers throughout the follow‐up (hazard ratio 0.62; 95% confidence interval 0.42‐0.91; *P*=0.014) (Figure [3](#jah33494-fig-0003){ref-type="fig"}B). Sensitivity analyses done by using either adjustment of propensity score (Figure [S2](#jah33494-sup-0001){ref-type="supplementary-material"}) or propensity score stratification analysis (Table [S5](#jah33494-sup-0001){ref-type="supplementary-material"}) showed results similar to those of the primary analysis. In terms of liver outcome, the cumulative incidence plots derived from the competing risk survival model showed fewer events in patients who were on β~1~‐selective blockers, although the difference did not reach statistical significance (hazard ratio 0.66; 95% confidence interval 0.38‐1.14; *P*=0.354) (Figure [3](#jah33494-fig-0003){ref-type="fig"}C).

![Kaplan‐Meier survival curves of all‐cause mortality (A) and MACCE (B), and cumulative incidence of major composite liver outcome (C) in the selective β‐blocker and nonselective β‐blocker users during a 2‐year follow‐up. MACCE indicates major adverse cardiac and cerebrovascular events.](JAH3-7-e008982-g003){#jah33494-fig-0003}

Figure [4](#jah33494-fig-0004){ref-type="fig"} presents the subgroup analysis in MACCE. The selected subgroups included age group, sex, hypertension, diabetes mellitus, hyperlipidemia, heart failure, stroke, coronary intervention during the index admission, hepatic encephalopathy, ascites, bleeding from esophageal varices, and severity of cirrhosis. Result showed that the observed beneficial effect of β~1~‐selective blockers on MACCE was comparable across sex, age, comorbidities, coronary intervention, and liver events (*P* for interaction \>0.05).

![Subgroup analysis of MACCE. CI indicates confidence interval; EV, esophageal varices; HR, hazard ratio.](JAH3-7-e008982-g004){#jah33494-fig-0004}

Discussion {#jah33494-sec-0018}
==========

Our study had several findings. (1) This is the first study to directly compare the clinical outcome of β~1~‐selective blockers versus nonselective β‐blockers in patients with liver cirrhosis and new‐onset AMI using extensive propensity score matching. (2) Use of β~1~‐selective blockers provided clinical benefits with significantly decreased MACCE with trends toward less all‐cause mortality and liver outcomes compared with the use of nonselective β‐blockers in the patients with combined cirrhosis and AMI.

In patients with liver cirrhosis, nonselective β‐blockers remain the cornerstone of medical treatment of portal hypertension due to the evidence derived from prospective trials of their efficacy in preventing variceal bleeding. However, with increasing knowledge of portal hypertension--induced changes in systemic hemodynamics, cardiac function, and renal perfusion, emerging studies have raised concerns about the harmful effects of nonselective β‐blockers. Clinicians are facing an ongoing controversy about the use of nonselective β‐blockers in patients with advanced cirrhosis.[18](#jah33494-bib-0018){ref-type="ref"}

A literature search for patients with liver cirrhosis and concurrent AMI showed a small number of studies that specifically addressed the selection of β‐blocking agents for the treatment of coincident high‐risk diseases.[9](#jah33494-bib-0009){ref-type="ref"}, [10](#jah33494-bib-0010){ref-type="ref"} Although there was a possible class effect distinguishing the β~1~‐selective blocker bisoprolol from the nonselective β‐blockers carvedilol and propranolol in the treatment of AMI,[19](#jah33494-bib-0019){ref-type="ref"} the same cannot be extrapolated to β‐blocking agents used in the treatment of liver cirrhosis,[18](#jah33494-bib-0018){ref-type="ref"} and currently no data exist regarding the appropriate selection of β‐blockers in these patients. Because of the difference in the management strategies in the 2 diseases, we investigated the use of nonselective β‐blockers in patients with cirrhosis versus β~1~‐selective blockers recommended in patients with coexistent AMI and cirrhosis. Propensity score matching was performed in the baseline cardiovascular and liver parameters for 2 groups of patients to study the outcome.

During the 2‐year study duration, MACCE was significantly decreased, and there was a trend toward lowered risk of cirrhotic complications and all‐cause mortality in patients who were on β~1~‐selective blockers compared with patients on nonselective β‐blockers. Contrary to previous beliefs that only nonselective β‐blockers are beneficial in patients with cirrhosis, this is the first study to report evidence that β~1~‐selective blockers also offer protection in patients with cirrhosis. In this cohort the patients had 2 combined high‐risk diseases, and our study end point assessed both cardiovascular outcome and liver outcome as well as all‐cause mortality. Our study showed that β~1~‐selective blockers given to patients with cirrhosis and AMI provided better protection and benefits in terms of MACCE than did nonselective β‐blockers at 2‐year follow‐up. On the other hand, the use of β~1~‐selective blockers had no significant difference for liver outcome compared with nonselective β‐blockers at 1‐ and 2‐year follow‐up. In addition, both all‐cause mortality and cardiovascular death were not significantly different between the 2 groups. One hypothesis is that patients with AMI had higher risk for MACCE within the 2‐year follow‐up, and thus, the difference in the use of β‐blockers could result in a better outcome with a β~1~‐selective blocker. However, fewer cases of liver outcome were observed; therefore, the difference in the β‐blockers could not result in a discernable liver outcome difference.

In previous studies β‐blockers have been shown to be effective in the clinical therapy of patients with heart failure, but only bisoprolol, metoprolol, and carvedilol had evidence from large randomized trials.[20](#jah33494-bib-0020){ref-type="ref"}, [21](#jah33494-bib-0021){ref-type="ref"}, [22](#jah33494-bib-0022){ref-type="ref"} Some reports have noted that β~1~‐selective blockers are slightly more effective in terms of antihypertensive action than the nonselective blockers. There were data from an early investigation with the β~2~‐selective blocker ICI 188 551 that blocking of β~2~ receptors does not offer the antihypertensive effect of β‐blockade[23](#jah33494-bib-0023){ref-type="ref"}; in fact, there was a greater rise in blood pressure due to blocking its β~2~ vasodilating effect.[24](#jah33494-bib-0024){ref-type="ref"} Blocking of β~2~ receptors by use of nonselective β‐blockers may antagonize the slightly vasodilating effect of 2‐ to 3--mm Hg greater fall in blood pressure observed with blocking at β~1~ receptors.[25](#jah33494-bib-0025){ref-type="ref"} β‐Blockers with intrinsic sympathomimetic activity are observed to show reduced clinical benefits in patients after AMI; therefore, these drugs should be avoided in this situation.[26](#jah33494-bib-0026){ref-type="ref"} And in this study, our findings supported the pharmacological characteristics of these β‐blockers.

In summary, this is the first study to directly compare β~1~‐selective blockers and nonselective β‐blockers in patients with cirrhosis and AMI. Our study suggested lower risks of MACCE in patients at 2‐year follow‐up on selective β~1~‐blockers compared with nonselective β‐blockers. However, there was no difference of all‐cause mortality between these 2 groups.

Limitations {#jah33494-sec-0019}
-----------

There are several limitations in epidemiologic data from NHIRD. First, the generalizability of the current findings was limited because almost 60% of patients were excluded. The conclusion might apply to patients with AMI and cirrhosis who had relatively low disease severity because patients who died within 6 months were excluded from the analysis. Second, using *ICD‐9‐CM* codes for patient screening may miss some cases for conditions not coded correctly. However, when *ICD‐9‐CM* codes have been matched with hospital electronic medical records in validation studies for NHIRD, the *ICD* codes showed a sensitivity of up to 99% for positive predictive value against the gold standard electronic medical records. Third, because of the limitations of NHIRD where laboratory results and clinical evaluations were unavailable, the traditional risk stratification using Child‐Pugh criteria in patients with liver cirrhosis could not be performed. However, we used surrogate markers such as the requirement for fresh frozen plasma and albumin transfusion to indicate the patients\' coagulopathy and hypoalbuminemia. In addition, due to the nonrandomized assignment of the study patients, differential or nondifferential selection bias may exist in our study even if rigorous exclusion criteria and propensity score matching were applied. Fourth, it is noted that only 1 test (MACCE at 2‐years) reached statistical significance among the 32 tests of time to event outcome and may result from type I error inflation (chance). Therefore, further work is warranted to confirm our findings. Last, because our study consisted of people with a uniform ethnic background, application of the results to other populations requires interpretation in the proper context.

Conclusions {#jah33494-sec-0020}
===========

In patients with cirrhosis and AMI, selecting a β‐blocker to use can be difficult. Our study showed that the use of β~1~‐selective blockers is associated with lower risks of MACCE.
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